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Table S1. Continue of Table S1.

Reference  Exchange flow equation The equivalent Unit of The value of model Other
of the exc‘hange Coe. Coe. conditions
coefficient
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Table S2. The characteristics of the spring hydrograph in the scenario Al.

Exchange coefficient 102 103 10+ 10°
(m?/s)
T.p 110 125 110 90
(min)
Qp 1.12 0.55 0.10 0.044
(m3/min)
Vb 2299.20 2312.50 1810.50 436.08
(m®)
Duration of occurrence of Quc-
discharge
(Point recharge > Qwmc-)
(min)
E Duration of occurrence of Qmc+ 90-130
@) discharge
(Point recharge > Quic+)
(min)
p 0.07x102
(m3/min?)
B Duration of occurrence of Que+  110-50000  125-50000  110-50000 130-50000
E discharge
% (Point recharge < Quic+)
2 (min)
E
; a 6.9x1073 3.2x10°3 1.7x10°3 7.1x10°3
= (1/ min) 1.3x1073 9.7x10* 2.1x10* 3.6x107°
Q 3.0x104 2.9x10* 9.0x10°°
5.6x10° 5.1x10° 2.4x107




Table S3. The characteristics of the spring hydrograph in scenario B1.

Exchange coefficient 102 103 10+ 10°°
(m?/s)
T, 100 95 95 95
(min)
Q 15.14 16.90 19.04 19.49
(m3/min)
Vi 2431.00 2411.50 1829.50 450.34
(m®)
Duration of occurrence of Qumc- 100-115 95-120 95-125 95-125
discharge
(Point recharge > Qwc.)
(min)
E Duration of occurrence of Qumc+ 115-140 120-150 125-165 125-190
o discharge
(Point recharge > Qwic+)
(min)
0.23 0.29 0.31 0.32
(m2/min?)
o Duration of occurrence of Qmc+ 140-50000  150-50000  165-50000  190-50000
é discharge
S (Point recharge < Qmc+)
= (min)
R
E a 2.4x102 3.6x1072 4.0x102 2.3x107
e (1/ min) 3.9x107 3.1x10? 6.0x10* 3.6x10°
=] 1.1x1073 8.7x10* 1.1x10*
© 33x10%  3.0x10%  2.4x10°
5.6x107° 5.1x10°




Table S4. The characteristics of spring hydrograph in response to changes of conduit diameter in
scenario A2.

Diameter 0.5 0.4 0.3 0.2 0.1
(m)
Tp 125 125 125 125 125
(min)
Q 0.55 0.54 0.49 0.32 0.098
(m3/min)
v, 2312.65 2313.60 2317.50 232597 1952.35
(m®)
Duration of occurrence of Qumc-
discharge
(Point recharge > Qwic.)
(min)
E Duration of occurrence of Qmc+
o discharge
(Point recharge > Quict)
(min)
(m3/min?)
~ Duration of occurrence of Quc+  125- 50000  125- 50000 125-50000  125- 50000  125- 50000
é discharge
S (Point recharge < Qumct)
5 (min)
=
= 3.2x107 3.1x107 2.6x1073 1.5x107 1.5x10°
=4 @ 9.7x10* 9.5x10* 8.8x10* 5.6x10* 2.7x10*
= 1/ min) 29%10%  29x10*  2.8x10*  23x10*  8.7x10%
5.1x10° 5.0x10° 5.0x10°° 4.9x107 2.3x10°




Table S5. The characteristics of spring hydrograph in response to changes in conduit diameter in
scenario B2.

Diameter 0.5 0.4 0.3 0.2 0.1
(m)
Ty 95 95 95 100 105
(min)
Q 16.90 13.94 10.11 5.17 0.62
(m2/min)
Vi 2411.30 2534.85 2753.15 2813.99 2813.99
(m?)
Duration of occurrence of Qmc- 95-120 95-125 95-135 100-145 105-160
discharge
(Point recharge > Qwc.)
(min)
E Duration of occurrence of 125-150 125-150 135- 155 145-150
o Quc+ discharge
(Point recharge > Qumc+)
(min)
0.29 0.22 0.15 0.07 0.003
(m3/min?)
Duration of occurrence of Quer  155- 50000  155- 50000  155-50000  155- 50000  160-50000
E discharge
& (Point recharge < Qwmc)
= (min)
St
L
e 3.6x10 2.9x10%? 2.1x10? 1.5%10%2 3.6x1073
; o 3.1x1073 3.8x1073 3.7x1073 2.9x1073 1.5x1073
= (1/ min) 8.7x10%* 1.0x107 1.1x107 9.2x10™* 7.0x10*
o 3.0x10* 3.3x10* 3.9x10* 3.6x10* 2.8x10*

5.1x10° 5.1x10° 5.1x10° 2.1x10°% 2.1x10°




Table S6. The spring hydrograph changes influenced by matrix hydraulic conductivity changes
in scenario A3.

Hydraulic conductivity 1073 104 105 10°¢
(m/s)
T, 150 135 125 110
(min)
Qp 0.87 0.76 0.55 0.33
(m2/min)
Vi 2424 .35 2438.15 2312.50 940 250
(m®)
Duration of occurrence of Qumc-
discharge
(Point recharge > Qwc.)
(min)
E Duration of occurrence of Qmc+
O discharge
(Point recharge > Q)
(min)
p
(m3?/min?)
E Duration of occurrence of Qumc+ 150-50000  135-50000  125- 50000  110- 50000
& discharge
% (Point recharge < Qwmc+)
2 (min)
=
s . 3.2x1073 7.7%1073
g o 3.5x10* 6.5><10:4 9.7x10* 1.3x1073
O (1/ min) 2.6x10 2.9x10" 2.8x104
1.3x10°° 1.3x10°°




Table S7. The spring hydrograph changes influenced by matrix hydraulic conductivity changes

in scenario B3.

Hydraulic conductivity 1073 104 105 10°¢
(m/s)
T, 95 95 95 95
(min)
Qp 16.27 16.44 16.90 17.54
(m3/min)
Vi 260020 2585.00 241134 980.55
(m®)
Duration of occurrence of Q- 95-125 95-125 95-120 95-110
discharge
(Point recharge > Qwc-)
(min)
E Duration of occurrence of Qmc+ 130- 155 130- 155 125- 150 110- 155
@) discharge
(Point recharge > Qumic+)
(min)
Y] 0.27 0.28 0.29 0.29
(m3/min?)
Duration of occurrence of Qmc+ 155-50000  160-50000  155-50000 160-50000
» discharge
é (Point recharge <Qwmc+)
= (min)
5
= 2.6x1072 2.7x1072 3.6x1072 5.3x1072
= a 4.8x10* 1.3x1073 3.1x1073 3.9x1073
=4 (1/ min) 3.5x104 4.7x10* 8.7x10* 1.2x1073
<3 -4 -4 -4
3] 2.5x10 3.0x10 2.8x10
5.0x10%° 1.2x107°




Appendix A: Nomenclature

Ar, A [L?]: The exchange surface between the conduit and the fissured matrix
Ckag, [L*T~1]: Pipe conductance in MODFLOW cell a8y

Cw,i[ML™3]: Concentration in the porous matrix at conduit node i

d [L]: The height of the conduit interface

hc [L]: The head in the conduit

hr [L]: The head in the fissured system

hi, h, [L]: The head in the conduit node i or n

hapy, Wik, hm [L]: The head in the matrix cell

ha [L]: the height of the water table measured from the same base level as for the

conduit
Kr, K, K,y [L T™1]: The hydraulic conductivity of the matrix or fissured system

K; [L T71]: the hydraulic conductivity of the interface between matrix and conduit

(e.g. sediments)
ki [-]: the relative permeability of the interface between matrix and conduit
ks [L T™1]: The saturated hydraulic conductivity

Kex [IML73T~1]: Advective exchange rate between a conduit and matrix



Pex [L]: exchange perimeter

gex [L?/T]: lateral outflow per unit length of the channel (Reimann et al., 2011)
Qex, Ti [L3T1]: the volumetric exchange rate between the conduit and the matrix
re [L]: The conduit radii

rm [L]: The matrix radii

Vi [L3]: The volume of the respective cell

vy [L]: The horizontal lateral coordinate

o [L™1]: Parameter that depends on conduit geometry and is as inverse fissure

spacing

o [L™1]: The distance between the centre of a matrix block and the adjacent fracture

or conduit (Kordilla et al., 2012)

f: A geometry factor (3 for rectangular matrix blocks, 15 for spheres)
yw: An empirical coefficient usually set to 0.4

we, Wm: the pressure heads in the conduit and matrix, respectively

£ A factor multiplying 7, ( the distance allowing to evaluate the gradient being

unknown a priori)
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